






The value of the study of natural history in genetic disorders

ences, the observation of different growth patterns,
the presence of a particular complication, and
the presence or absence of deterioration can all
be features which allow the recognition of hetero-
geneity. The observation of clinical or laboratory
heterogeneity encourages the researcher to find
explanations for the subgroupings, which may then
result in the recognition of different pathogenetic
processes.

IMPROVED MANAGEMENT
Studying the natural history of specific disorders
allows one to define and predict specific complica-
tions. This has implications for both prognosis and
management and since other persons with the
condition may be at risk for the observed complica-
tions, their health care must be monitored accord-
ingly. Consequently, the 'standard' or 'norm' ex-
pected for the 'average' affected patient must be
established (that is, the average age of diagnosis,24
the age of onset of the disease or particular
complication,25 the growth curve for the specific
condition or syndrome,26 life expectancy,27 28 etc) in
order to judge the effects of a particular type of
therapy or preventive measure. The rowth curves
of various forms of chrondrodysplasia 9 and Tur-
ner's syndrome30 have been established. Now that
potentially growth promoting hormonal therapies
have become available,3' the effectiveness of ther-
apy can be judged against the established 'norms'
for the condition.

In a patient with a deletion of 13q, retinoblastoma
is likely to occur.3' A child with a chromosomal
deletion in that area must be carefully monitored to
allow early diagnosis and therapy. The child with
retinoblastoma is also at risk of developing osteosar-
comas at a later time. Obviously again, monitoring
allows early and therefore probably more successful
therapy. Inheritance of the myotonic dystrophy
gene from an affected mother puts the child at an
increased risk of having more severe disease.
Therefore, when an affected woman is pregnant,
care and consideration must be given to this
potential complication. When the father is the af-
fected parent, severe neonatal myotonic dystrophy
is unlikely to occur.32 Recently, studies of the eyes
of patients with Gardner's syndrome have suggested
that most families show pigmentary changes in the
retina which can be observed in early childhood
allowing recognition of carriers long before GI
abnormalities are found.33
The awareness of potential complications allows

more appropriate management of the patient in-
volved, as well as the development of the most
effective therapy. In addition, the effect of vari-
ous therapies can be quantified, compared, and

measured against the untreated natural history. For
instance, in the case of achondroplasia, spinal
stenosis is a known complication in 30% of adults.
Improved diagnostic and therapeutic treatment of
that spinal stenosis has been possible by prospective
screening and the development of more appropriate
surgical procedures.34 In arthrogryposis (multiple
congenital contractures), physical therapy is usually
the treatment of choice for the contractures and, in
general, aggressive physical therapy is advocated for
children with arthrogryposis during at least the first
six months of life.3 Children with diastrophic
dysplasia are an exception to this because they not
only have multiple congenital contractures, but also
have a chondrodysplasia. Because their cartilage is
not normal, physical therapy can actually aggravate
their contractures leading to bony fusions between
phalanges.2
Unexpected complications, such as developing

malignant hyperthermia with surgery in adults with
osteogenesis imperfecta and in one type of arthro-
gryposis,36 suggest a new subcategory of those
disorders and also allow physicians to improve the
precautions taken in all persons with those disorders
at the time of surgery.
Management can sometimes be aided by analo-

gies made with other similar conditions. For in-
stance, work with patients with Morquio's syndrome,
and subsequently other forms of spondyloepiphyseal
dysplasia, suggested that all patients with any kind
of vertebral dysplasia may be at risk for odontoid
hypoplasia and subsequent Cl to C2 dislocation.8
Thus, specific and related complications can be
predicted and the general care and monitoring of the
patient can be improved by knowledge of natural
history.

IMPROVED GENETIC COUNSELLING
The study of natural history and the definition of the
particular problems seen in a disorder allow much
more accurate information to be provided to pa-
tients and families concerning the spectrum of
severity and the potential burden of a particular
disease.
Knowledge of the specific risk that a condition

will recur in family members is very important to
them for their own reproductive planning. Fairly
accurate empirical predictions can be made for most
conditions and prenatal diagnosis is becoming avail-
able for an ever increasing number of disorders.
Inherent in the diagnosis of most genetic disease or
malformation syndromes is a specific recurrence risk
for children of the proband and other members of
the family. Achondroplasia is always an autosomal
dominant trait37; by contrast, amyoplasia is always
sporadic.22
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Reproductive decisions, however, are based not
only on the magnitude of the recurrence risk but
also on the anticipated burden of a disorder.
Knowledge about the natural history of a disorder is
essential for the family to be able to come to an
understanding of the burden. For instance, the
parents of an anencephalic infant who dies at birth
are at risk in the next pregnancy for having a child
with spina bifida who would survive and could be
handicapped to varying degrees. To provide the
family with adequate information in rare conditions,
case reports may be scoured, known patients with
the same disorder may be contacted, and analogies
may be made with similar disorders. However,
better studies are still needed for almost every
disorder in order to understand the spectrum of
severity and the potential burden to the families.

DEFINING THE BASIC DEFECT
The description of the natural history of a disorder
often provides hints about where to look for the
basic defect. The time of onset, the pattern of organ
system involvement, the distinction of primary
versus secondary and tertiary effects, the types of
abnormal cell differentiation, the patterns of growth,
the presence of static versus progressive changes,
and the mode of inheritance all give clues as to the
kind of pathogenetic process at work. It is important
to keep in mind classes of pathogenetic mechanisms
while describing the natural history of a particular
disorder, in order to be sure that appropriate
questions have been asked. When? What? How?
Why? need to be answered. Temporal, spatial, and
functional relationships as well as the types of
pathological processes need to be established so that
testable hypotheses can be developed.
The time of onset (that is, embryo, fetus, new-

born, childhood, adolescent, or adult) of a particu-
lar abnormality, as well as the age at which it is
recognised, provide important clues to the type of
process. Is there a problem in shifting from
embryonic to fetal proteins (as with embryonic to
fetal haemoglobin, or a failure to make normal fetal
skin, as in the constrictive dermopathy38)? Or is
the problem primarily during childhood (as is seen
from examining the growth velocity curve of
achondroplasia26)? Certain patterns of structural
anomalies in different organ systems can be recog-
nised to have occurred at a particular time in
embryonic development, as in thalidomide embryo-
pathy,39 or as a failure to go through a normal
process, such as delayed puberty. There are 'critical'
points in development that provide thresholds which
must be crossed (for example, did the palate
completely fuse?) and 'benchmarks' (for example, if
the neural tube failed to close, it will have done so
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by day 28 of embryonic development) that help to
date a 'failed' or abnormal process.
The pattern of tissue and organ system involve-

ment provides clues about common pathways and
enzyme systems, embryonic origins, and spatial
relationships. Some abnormalities involve only one
tissue type (such as most of the chondrodysplasias);
others involve specific body areas (such as those
supplied by an artery or nerve) or specific tissues
which have derived from a developmental region
(such as a branchial arch) or which come from a
common embryonic origin (such as neural crest).
During the course of embryonic and fetal develop-
ment, the spatial relationships of various structures
change. The thyroid migrates down into the neck,
but it can 'get caught' under the tongue. The spleen
and gonad migrate past each other and very rarely
fuse to each other at that time. The pattern of tissue
proteins, enzyme pathways, and responsiveness to
various growth factors changes during development,
but finding predictable patterns of involvement
provides clues to the basic mechanism. The perox-
isomal disorders are inborn errors of metabolism
which also produce inborn errors of morphogenesis
in a predictable way; any combination of malmigra-
tion of neurones of the central nervous system,
retinal dysplasia, stippled epiphyses, cystic dysplastic
kidneys, or deafness could suggest a peroxisomal
disorder.

Normally during development structures begin to
function. In order to develop fully in utero 'use' is
necessary. Many secondary and even tertiary effects
may be seen. When the fetus does not move
normally, the Pena-Shokeir phenotype (fetal
akinesia sequence) may be produced. Pulmonary
hypoplasia, congenital contractures, intrauterine
growth retardation, small jaw, and short umbilical
cord occur secondary to the lack of movement.4'
The challenge in trying to define basic defects is to
determine the primary process, which in this case
may be, for instance, either an abnormal central
nervous system or abnormal muscle tissue, which
then secondarily leads to decreased movement, and
thirdly to the clinical features we observe.

Recognition that the primary problem is one of
cell differentiation (both failure to occur on schedule
and occurring too early in development) or regulation
of growth (both over- and undergrowth of tissues or
organs) allows specific pathways to be pursued.
Disease states can occur not only from abnormal
differentiation, but also from abnormal growth
patterns once differentiation has occurred (that is,
both abnormal over- or undergrowth can produce
disease).
The determination of whether a disorder is static

or progressive distinguishes ongoing processes from

copyright.
 on O

ctober 17, 2021 by guest. P
rotected by

http://jm
g.bm

j.com
/

J M
ed G

enet: first published as 10.1136/jm
g.25.7.434 on 1 July 1988. D

ow
nloaded from

 

http://jmg.bmj.com/
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abnormalities that occurred during embryogenesis
or fetal development and have not undergone
further change. Some disorders, such as thrombo-
cytopenia and absent radius, have both static
(absence of radius) and ongoing (leukaemoid re-
actions and thrombocytopenia) disturbances. Others,
like Coffin-Lowry syndrome, appear to be slowly
progressive, suggesting a metabolic degenerative
disturbance.
The pattern of inheritance provides special clues

to pathogenetic mechanisms, such as whether the
disorder represents a deficiency or an excess, and
whether the gene product is defective or whether its
regulation is the source of the abnormality. For
instance, persons likely to be homozygous for the
Huntington's disease gene are no worse clinically
than heterozygotes, suggesting that the abnormal
gene is unlikely to produce a deficiency, but rather
must have some other pathogenetic mechanism.
Sporadic diseases with patchy involvement, such as
McCune-Albright syndrome, are likely to represent
mosaicism for a new mutation which would be lethal
if present in all cells.43
The study of natural history is extremely impor-

tant for pointing the basic scientist toward appro-
priate areas of research. In addition, the proposed
pathogenetic mechanism must explain the feature
observed. For instance, the molecular defect in
sickle cell anaemia can explain why sickle cell crises
occur and why there is increased susceptibility to
certain kinds of infections in the affected homo-
zygote.44

RESEARCH CONCERNING NATURAL HISTORY
Probably the reason that little is known about the
natural history of most genetic conditions and
syndromes with congenital anomalies and dysmorphic
features is that each is relatively rare and it takes an
experienced clinician to be able to set up and
conduct a study of natural history. Most genetic
clinics see patients only once or twice, but many
visits over many years with carefully detailed re-
cords may be required to establish natural history.
Patients with genetic disorders may often never
even be seen in genetics clinics. Many syndromes
have been recognised for less than 20 years and since
it takes many years to accumulate natural history
data, there may not have been time to establish
a database. In the past, clinical research on the
study of natural history has not been well supported
by research funding agencies, nor has it been
given adequate academic recognition. It requires
a different approach from that of classical labora-
tory research studies or clinical care research
studies, but natural history information is clearly
needed.

SPECIAL RESOURCES
Collaborative studies are often required for natural
history studies. Genetic disorders are relatively rare,
so no one physician or centre usually has sufficient
affected or at risk patients to be able to set up a
study of natural history. Affected persons may be
followed in a variety of different clinics to care for
specific complications (cardiac, orthopaedic, ENT,
etc). Even for relatively common disorders, such as
neurofibromatosis, tuberous sclerosis, and Hunting-
ton's disease, collaborative studies are needed in
order to have sufficient numbers of patients to
achieve statistically significant results when testing
hypotheses.
Working together with specific disease group or

lay group organisations is often one of the best
sources of patient material.45 46 Most affected per-
sons or parents of affected children are very
concerned about the particular disorder and are
usually willing to cooperate with investigations.
These families are highly motivated to have the
natural history and the complications of the disorder
identified and defined. In addition, parents who
deal with the condition on a daily basis often make
observations that can lead to a better understanding
of the natural history and the basic mechanisms.
Examples of patient lay groups which have worked
hard to contribute to an understanding of the
natural history of particular disorders include Little
People of America, the Williams Syndrome As-
sociation, the Prader-Willi Association, the Hunting-
ton Disease Society, and the Turner Syndrome
Association.46

Special clinics for specific disorders may serve the
same purpose since they allow a number of patients
to come together at one time and facilitate the
making of comparisons. Usually, special clinics
involve a variety of specialists who come together,
bringing their own areas of expertise. Because they
have an interest in the specific disorder, they will
probably have acquired very useful knowledge
about it. In addition, special clinics often establish
protocols to collect data in an organised way and to
define the response to particular types of therapy.
Such clinics require excellent organisation, designated
clinic coordinators, and usually additional funding.
Examples include clinics for short stature, neuro-
fibromatosis, arthrogryposis, and genetic derma-
tological disorders.
Older adults with a particular disorder can often

be a very valuable source of information about
natural history. These persons will have lived a
relatively long time and therefore have developed
many of the complications which are likely to occur.
It is only by following patients to a relatively old age
that it is possible to determine fully the natural
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The value of the study of natural history in genetic disorders

history of a disorder. For instance, it is now
recognised that there is decreased incidence of
arteriosclerotic disease in persons with Down's
syndrome, which may be related to having three
copies of the gene for homocystine synthetase
(homocystinuria) which is present on chromosome
21, as well as an increased incidence of Alzheimer's
disease, which may be related to having three copies
of an amyloid gene known to be on chromosome
21.48 The spectrum of causes of death in Down's
syndrome has also been recently defined.28

ADDITIONAL INFORMATION MUST BE
COLLECTED AND A DIFFERENT TYPE OF
RECORD KEPT

In order to do studies of natural history, a specific
vE " '' t protocol and record form need to be developed. A

E particular protocol is usually designed related to the
Q..-=,,0known complications of the particular disorder.

O Q <, 0 = - _ More information is collected than is normally part
of routine medical care and long term follow up is

X required. A particularly careful medical workup
.A.-E==.B =: ' Q includes family history, pregnancy history, develop-

mental history, past medical history, review of other
x 0m o m s W:family records, and a thorough physical examination

including detailed measurements is usually appro-
priate. Chronological photographs may be invaluable.
There is no question but that the review and
recording of this increased amount of information

0 - requires time (and hence money), must be done
with great attention to detail in order to be useful,
and is not part of regular health care. It is not always

E04'Qt clear which piece of information will be important
initially. The recording of natural history is an active

| E X o '> >and evolving process. Almost always, it is necessary
0. ffiUtogo through the patient record more than once

when documenting the natural history, since an
issue or a question will be raised by one patient
which was not collected the first time in other

3O 8 patients.
Many groups are developing specific forms (such

as the Neurofibromatosis Association) so that
appropriate and detailed information can be col-
lected. Particular areas of interest are various body

K0 0 measurements, changes over time, body and
u=.S facial movements, various aspects of physical ex-
c) amination, and laboratory data, such as blood and

x ray studies. A form needs to be developed which is
E appropriate for the particular disease. It may take

the form of a spread sheet, a flow chart, or a
narrative. Punch cards, charts, or computers may
also be used.

METHODS FOR NATURAL HISTORY STUDIES
0d~ D There are several methods to be considered for the

collection of natural history data. These include
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cross section studies, longitudinal studies, cross
grids, individual patient records, accumulated case
reports, and special protocols.

Cross sectional versus tongitudinal studies
These two different methods of the study of the
natural history may give quite different results, but
are clearly complementary. The determination of
average height, weight, and OFC by age in cross
sectional studies is relatively easy to achieve if there
is a large number of affected persons available.
Various measurements or values from different
subjects are simply tabulated. By contrast, longi-
tudinal studies involve collecting data over time on
single subjects. Longitudinal data allow individual
patterns or velocities to be established, but take
time and consistency to accumulate the information.
When a disorder is rare, data collected over time on
a single person may be the only way to establish a
pattern. Through longitudinal growth studies of
affected persons it may be possible to recognise
different growth patterns and thereby show hetero-
geneity in a particular condition.49

Cross grid system involvement at various
ages to demonstrate natural history
Ideally, the kinds of complications and features
present at various ages and the order in which they

Social

Developmental
milestones

Medical

Orthopoedic

Neurological

occur can be established for a particular disorder.
This documentation should reflect developmental
and social landmarks as well as physical measure-
ment and signs at various ages. Along the axis can
be noted the body systems at risk and their potential
complications. Social, psychological, developmental,
and daily function skills can also be noted along the
axis (figure).51' The age is noted along the abscissa.
The age of diagnosis should be noted or a line drawn
down the age grid. Known high risk areas should be
noted as to whether they are affected or normal at a
particular age.

Different disorders will involve different body
areas and a broad general outline can be established
that allows definition of each area. Protocols for
following the potential medical complications of a
patient at different ages can be developed (table).5'
Analogy to other disorders or syndromes often gives
clues to the areas that should be examined.

Individual patient's record
It is often useful for a person or a family to keep a
notebook or diary of medical complications, growth,
and psychological observations. Frequently, various
subjective observations are clouded with time and
the exact onset and sequence may become confused.
Therefore, it is of great use, both in order to keep a
clear record of the individual patient's medical

Discrimination

Vocation
School -peers

Dating-reproduction-
Gross motor delayed

Social development
Speech may be slow

Early menopause
Fibroids

C sectionn-.
Feeding problems Obesity

Otitis Dental crowding

FIGURE Example of achondroplasia natural
history: areas of concern needing monitoring at
various ages.

Lumbar Lordosis
Gibbus-

External rotation
of legs Bowed legs

Respiratory compromise
Large head Spinal stenosis *-.
Hydrocephalus

Cervical cord compression

1 2 3 4 5 10 15 20 3040 50 Years
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history and for the collection of natural history data,
for a family with a child with a rare disorder to keep
a notebook that has dates of important events,
records, copies of consultations, timing of admis-
sions to hospital, etc, so that it can be used in the
future for information retrieval. Part of the note-
book should include good photographs at various
ages that show changes which occur over time.

Individual case reports
There is real value in single case reports of relatively
rare disorders and consequently a need to continue
to publish them. Unfortunately, some journals have
stopped publishing them and, in the past, editors
have frequently cut out some or all of the clinical
data which described the natural history of a
particular disorder. There are three categories of
single case reports of rare disorders which are
particularly useful: (1) a rare or newly recognised
complication of a particular disorder, (2) a new or
useful therapy for a particular disorder, and (3) a
new laboratory test that better defines or identifies
the disorder. Putting several single case reports
together allows natural history information to
emerge. Particularly unusual cases may actually
provide the solution to a disorder, as did the
Duchenne muscular dystrophy patient with multiple
disorders who had a chromosomal deletion, ulti-
mately leading to the isolation of the Duchenne
muscular dystrophy gene.52 The patient with un-
usual features thus needs particularly careful evalua-
tion.
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